Genus Taraxacum has been widely used as a folkloric medicine for treatment of diverse diseases. The genetic diversity and relationship among 32 accessions belonging to five Taraxacum species (T. mongolicum T. coreanum, T. coreanum var. flavescens, T. officinale and T. laevigatum) which collected from field, mountain, island and seaside of Korea were evaluated using ISSR markers. A total of 142 ISSR loci detected in the overall species were all polymorphic loci (100%) and interspecies polymorphisms obtained from Korean native and naturalized species were 98.2% and 94.5%, respectively. The genetic similarity matrix (GSM) among 32 accessions ranged from 0.025 to 0.860 with an average of 0.303. According to the clustering analysis, the Korean native species and naturalized species were divided two major clusters. In addition, the different species were divided into independent groups except for the T. coreanum and T. coreanum var. flavescens, and all the 32 accessions could be classified into 7 categories. The study findings indicate that Taraxacum accessions have a high genetic diversity and the dandelion accessions as breeding materials can be effectively utilized for the improvement of Taraxacum breeding.
Introduction
Genus Taraxacum is one of the important categories in Compositae and currently, there are more than 2000 species of Taraxacum naturalized worldwide (Richards 1973; Battjes et al., 1992) . Taraxacum has been widely utilized for medicinal and edible purposes. Taraxacum in Korea could be used as the traditional oriental medicine, having anti-infection effect, diuretic, and removal of fever according to the Korea herbal Pharmacopoeia of 2011. Taracaxcum include various phytosterol, flavor and phenolic compound such as taraxasterol, stigmasterol, chicoric acid, caffeic acid and scopoletin (Akashi et al., 1994; Lee and Lee, 2008; Chon et al., 2012) . Obviously, the species of Taraxacum from different regions may have diverse components accounting for the effectiveness and stability as medicine (Katrin et al., 2006 ; Wu et al., 2011) . Therefore, it is urgent and crucial that scientific systems of sorting, identifying and evaluating the germplasm resource of Taraxacum plants should be established.
The taxonomic treatment of the genus Taraxacum is very complicated. The co-occurrence of sexual and apomictic reproduction and common hybridization processes associated with polyploidy have resulted in a large number of taxa during evolution (Richards 1973 , Kirschner et al. 2003 .
Other factors leading to a taxonomic complexity of the genus are close morphological similarity (or a low level of structural differentiation) and simultaneous high morphological variation, and wide geographical distribution including many unexplored areas (Kirschner et al. 2003) . For Korean context, various taxonomists used to carry out the classification based on their research on the characters of external morphology, pollen and chromosome (Nakai, 1952; Kitamura 1957; Morita, 1976; Lee, 1993) .
Success of any crop breeding program is based on the knowledge of and availability of genetic variability for efficient selection. Genetic similarity estimates among genotypes are helpful in selecting parental combinations for creating segregating populations so as to maintain genetic diversity in a breeding program (Becelaere et al. 2005) and the classification of germplasm into heterotic groups for hybrid crop breeding (Menz et al., 2004; Ryu et al., 2012) .
The inter simple sequence repeats (ISSR) are a new kind of molecular marker involving PCR amplification of DNA by a single primer 16-18 bp long composed of a repeated sequence anchored at the 3' or 5' end by 2-4 arbitrary nucleotides (Zietkiewicz et al., 1994) . They are easy to handle, highly informative and repeatable. Since repeated sequences are abundant throughout the genome, SSR primers anneal in several regions typically giving a complex amplification pattern in which fragments are often polymorphic between different individuals (Russel et al. 1997; Esselman et al. 1999) . The genetic diversity of Taraxacum was explored in the past most studies used to ISSR (Ryu and Bae, 2011) , RAPD (Christoph, 2004; and AFLP (Hulst et al., 2000) .
In this study, we evaluate the level and organization of the genetic diversity and relationship in genus Taraxacum collected in Korea (field, mountain, island and seaside) using ISSR markers, in order to establish a base line to assist future conservation and breeding programmed of this species.
Materials and Methods

Plant materials and DNA extraction
The genetic diversity and the genetic relationship using 32 accessions which collected in field, mountain, island and seaside were used in this study The Geographical characteristics of accessions were listed in Table 1 . Morphological classifications were performed from flower color, direction of outer-involucral bract, Seed coat color, Trichome of each accession (Ryu, 2012) . We classified 32 accessions were five species; T. mongolicum T. coreanum, T.coreanum var. flavescens, T. officinale and T. laevigatum (Fig. 1 ).
DNA extractions were performed from young leaves of each accession by the CTAB method (Fang et al., 1992) .
DNA quantities were checked using 0.8% agarose gel electrophoresis and spectrophotometer, respectively.
ISSR analysis
Thirty ISSR primers from the Biotechnology laboratory, 
Data analysis
The ISSR bands were scored using the binary scoring system that recorded the presence and absence of bands as 1 and 0, respectively. The resulting matrix of genetic similarity was calculated on the basis of Jaccard similarity coefficient (Seneath and Sokal, 1973) . The resulting matrix of genetic similarity was used to construct the dendrogram through the average linkage method with the statistical package SPSS V.12 (SPSS Inc., USA).
Results
Polymorphism detected by ISSR
The genetic diversity and the genetic relationship using 32 accessions of five Taraxacum species (T. mongolicum T. coreanum, T. coreanum var. flavescens, T. officinale and T. laevigatum) which collected in field, mountain, island and seaside were evaluated by using ISSR markers. Fifteen primers produced clear application profiles, and they were chosen for fingerprinting of all 32 accessions ( (Ryu, 2012) . Fig. 2 . ISSR electrophoresis profiles for 32 accessions of five species of Taraxacum. Amplification products were separated on agarose gels (1.6%) in 1xTAE buffer and photographed using gel documentation system (Bio-rad, USA). Lane M : 1 kb ladder marker. Primer names were included in Table 2 . 
Genetic similarity matrix
Genetic similarity matrix (GSM) obtained from 5 species of Taraxacum was shown in Table 5 . The genetic similarity matrix (GSM) among 32 accessions ranged from 0.025 (No. 5 and No. 29) to 0.860 (No. 22 and No. 23) with an average of 0.303.
The intraspecific GSM ranged from 0.206 (No. 7 and No. 19) to 0.806 (No. 22 and No. 23) 17), to 0.674 (No. 18 and No. 19) with an average of 0.492 among T. coreanum. T. coreanum var. flavescens was ranged from 0.596 (No. 21 and No. 22) to 0.860 (No. 22 and No. 23) 19  20  21  22  23  24  25  26  27  28  29  30  31  32  17 with an average of 0.715 and 0.289 (No. 24 and No. 26), to 0.634 (No. 28 and No. 29) with an average of 0.468 among T. officinale. T. laevigatum GSM was 0.743.
The interspecific GSM ranged from 0.025 (No. 5 and No. 29) to 0.241 (No. 19 and No. 24) 
Cluster analysis
Based on the Jaccard similarity coefficient between five species of Taraxacum, a cluster analysis was carried out and dendrogram was generated average linkage method that genetic relationships among 32 accessions (Fig. 3) . Resulting of clustering analysis, the two major clusters (Korean native species and naturalized species) divided at genetic similarity 0.108.
The different species were divided into independent groups, except for the T. coreanum and T. coreanum var.
flavescens. All the accessions could be classified into 7 categories at genetic similarity 0.405; the three native species were divided into 4 independent groups (Group 1, 2, 3, 4) and the two naturalized species were classified into 3 independent groups (Group 5, 6, 7). The group 1 consists of T. coreanum (accession No. 16, 17, 18, 19, 20) and T. coreanum var.
flavescens (accession No. 21, 22, 23) . T. coreanum and T. coreanum var. flavescens species were closely related as GSM date and consequently did not divide into independent group. The group 2 (accession No. 1, 2, 3, 4, 5, 6, 7) and group 3 (accession No. 8, 9, 10) were including T. mongolicum. The group 4 consists of four T. coreanum (accession No. 11, 12, 13, 14) . The group 5 consists of two T. laevigatum (accession No. 31, 32) . The group 6 (accession No. 28, 29, 30) 
Discussion
In this study high levels of genetic diversity were found at the difference species and by the various environments (field, mountain, island and seaside) in the study accession of Taraxacum. The percentage of polymorphism of the amplified products is 100%, which was much higher than that in 30 accessions of T. officinale and T. coreanum by ISSR analysis (96.0%, Ryu and Bae, 2011) and 26 accessions of T. rubicundum, T. brachyglossum, T. tortilobum, T. lacistophyllum, T. parnassicum and T. scanicum by RAPD analysis (78.4%, Christoph, 2004) . This finding concurs with previous studies in which 100 % of polymorphism was detected among Asparagus 109 individuals in Italy on the basis of ISSR analysis (Sica et al., 2005) . These results indicate that differences species and environment (field, mountain, island and seaside) have the greatest influence on Taraxacum variation. Similar result has been reported in earlier studies with Camellia sinensis (Lyu et al., 2003) , Arachis hypogaea (Jung et al., 2011) , genus Cotoneaster (Bartish et al., 2001) .
The GSM among 32 accessions ranged from 0.025 (No. 5 and No. 29) to 0.860(No. 22 and No. 23) with an average of 0.303, which was much lower than that among 30 accessions of T. coreanum and T. officinale spanning from 0.179 to 0.922 with an average of 0.398 by ISSR analysis and 9 accessions of T. mongolicum, T. coreanum, T. hallasanensis, T. ohwianum, T. officinale and T. laevigatum by RAPD analysis (minimum 0.684 to Maximum 0.965, . Kwon et al (1998) reported that GSM spanning from 0.231 to 0.713 were genetic resource can be utilized for the cross breeding and accordingly carry a germplasm qualifying as good genetic resources for breeding.
Resulting of clustering analysis, the Korean native species and the naturalized species were belonged to independent groups and the five different species were divided into independent groups, except for the T. coreanum and T. coreanum var. flavescens. Also the dendrogram indicates a not clear pattern of division among the species based on geographical distance of the Taraxacum. Similar results were reported in the study previously conducted using ISSR and RAPD markers, where grouped Taraxacum accessions into different main groups depending on their origin (Korean native and naturalized species) and regardless of geographic location (Ryu, 2012; Ryu and Bae, 2011; . The T. coreanum and T. coreanum var. flavescens were not divided into group (group 1) and this result was accord with Nakai (1952) and Lee (1993) . The information generated from this study gives a clearer picture of their genetic relationship. And it might possibly be developed into a standard classification procedure in the future and will be used in identifying efficient strategies for the sustainable management of the genetic resources of Taraxacum.
